Regulation of Na,K-ATPase isoforms by cold-water immersion
α, a regulatory β, and an accessory (phospholemman; FXYD) subunit (1). Different isoforms of each of 56 these subunits have been identified in human skeletal muscle (α1-3, β1-3 and FXYD1) (2, 3). As the 57 expression of NKA isoforms determines, in part, the difference in the capacity for Na + /K + transport between 58 muscles of different fibre type (4), identifying novel strategies to enhance their expression in human muscle 59 is of fundamental importance in the context of both disease prevention (5) and sport performance (6).
61
One proposed mechanism for the upregulation of muscle NKA-isoform protein abundance with exercise 62 training is the transient bursts in isoform mRNA content that accompany repeated exercise sessions, as 63 demonstrated for mitochondrial proteins (7). This is supported by evidence from a study of rats (8), and 64 studies of mRNA changes to a one-off exercise session in humans (2, (9) (10) (11) (12) . However, it remains to be 65 studied how the mRNA content of NKA isoforms is affected by repeated-sprint exercise (i.e. maximal-66 intensity bouts < 1 min in duration). Furthermore, it is unknown whether FXYD1 is regulated at the mRNA 67 level in human muscle by contractile activity.
69
In in vitro cell culture models, the GC box-binding transcription factors, specificity protein 1 and 3 (Sp1 and 70 Sp3), have been shown to mediate NKA (α1 and β1) transcription (13, 14) . Activation of these factors by 71 transcriptional or post-transcriptional modification occurs in response to ROS-mediated oxidative stress (15) 72 or perturbations in cellular redox state (13, 14) . In contrast, the transcription factor, hypoxia-inducible factor 73 1α (HIF-1α), is upregulated transcriptionally under chronic exposure to cellular hypoxia (16 
Regulation of Na,K-ATPase isoforms by cold-water immersion
Page 5 of 29
87
The aims of the current study was to examine in human skeletal muscle 1) the effect of a session of 88 repeated-sprint exercise on the mRNA content of NKA isoforms (α1-3, β1-3) and FXYD1, 2) if changes in the 89 content of these isoforms are associated with modulation of the expression of genes encoding the 90 transcription factors Sp1, Sp3 and HIF-1α, and 3) the effect of post-exercise CWI on these mRNA 91 responses. In this acute setting, these examinations will inform about the potential of whether transcriptional 92 regulation of these proteins is evident. Primers were designed using Primer BLAST (National Centre for Biotechnology Information) and are
93

Materials and Methods
175
shown in Table 1 . To improve the construct validity of product amplification by real-time PCR, primers 176 were designed to target a region on the genes encoding for most splice variants and to ensure sequence not shown). The mean (± SD) intra-assay and inter-assay coefficient of variation for the investigated genes 202 was 5.8 % ± 2.6 and 3.0 % ± 1.1, respectively, and are shown for each gene in Table 2 . Prior to statistical 203 analysis, an iterative elimination of outliers was performed using the following criteria: An arbitrary 204 expression at pre deviating >3 fold from the group mean. Four outliers were identified: one in CON for α1
205
(5.3 fold) and one in COLD for α1, α2 and β1 (4.7, 3.1 and 3.5 fold, respectively). Thus, the sample size in 206 CON and COLD, respectively, was: n = 9 and 8 for α1, n = 10 and 8 for α2 and β1, and n = 10 and 9 for the 207 other genes. respectively), with no difference between groups (group × time interaction: F = 0.07; p = 0.802; Fig. 2A ). In skeletal muscle. This is partly supported by the observation that α2 expression was reduced concomitant with 308 a decrease in Sp1 DNA binding activity in sedentary rats exposed to chronic intake of fat-rich meals (28).
309
However, further experimental verification of our initial human findings is required (e.g. by use of a 310 chromatin immunoprecipitation ChiP assay).
311
Regulation of the NKA β2 mRNA transcript in human muscle by repeated-sprint exercise 312 We also report for the first time in humans that muscle β2 mRNA content decreased (to ~0.65 fold) after a We found no effect of repeated-sprint exercise on muscle NKA α3 mRNA content. In contrast, high-intensity 
362
Conclusions and perspectives
363
This study revealed that a single session of repeated-sprint exercise increased the mRNA content of NKA α1 364 and β3, and decreased that of NKA β2. These responses were temporally associated with an increase in HIF-365 1α mRNA, suggesting exercise-induced muscle hypoxia may play a role in these changes. Post-exercise 366 cold-water immersion (CWI) upregulated the mRNA content of NKA α2 independently of exercise alone.
367
This effect of CWI was likely a result of modulation of muscle redox homeostasis and/or Sp1 activation. . Each symbol represents one participant (left) and is the same for gene and protein data (Fig. 9 ).
544
Symbol x represents participants, from which no muscle sample was left to determne protein abundance.
545
The horizontal, dotted line represents the geometric mean expression at Pre in CON. *p < 0.05, different 
553
Muscle was sampled at rest before exercise (Pre), 2 min post (+0h) and 3 h after (+3h) the assigned post-exercise recovery treatment. *p < 0.05, different from Pre; #p < 0.05, Pre to +0h change different from 
